
ABSTRACT
Background: Ankle injuries account for up to 40% of all sport related injuries. These injuries can result in weeks to 
months of missed sport or work. The PRICE (Protection, Rest, Ice, Compression, Elevation) treatment is standard care 
for most acute ankle sprains. Recently, early mobilization in adults has been shown to decrease time off from sport or 
work, and the likelihood of developing chronic instability. To date, no research has been performed assessing the effec-
tiveness of early mobilization in pediatric patients (<18 years). Purpose: There were two objectives of this study: (1) 
to determine if early ankle joint mobilization using elastic band traction is effective and (2) assess the occurrence of 
adverse events with this technique in the pediatric population.

Methods: Patients with an acute ankle sprain of <7 days referred to physical therapy were randomly assigned to 
receive early mobilization or PRICE. Early mobilization was performed using a stretch band ankle traction technique. 
Both groups received a standardized rehabilitation program. Pain, edema, ankle strength using hand-held dynamom-
etry, and Foot and Ankle Disability Index (FADI) were measured at both initial evaluation and at discharge. The 
number of days before return to sport and the number of treatment sessions were also variables of interest.

Results: Forty-one pediatric patients were recruited for participation (mean age 14.6 + 1.9 years). Both treatment groups 
had clinically significant improvements in pain, edema, strength, and FADI scores. No significant differences in outcomes 
were noted between treatment groups. Mean number of days for return to sport for the PRICE group was 26.33 + 7.14 
and the early mobilization group was 26.63 + 14.82, the difference between groups was not significant (p= 0.607). The 
number of total visits for the PRICE group of 8.07 + 2.63 and the early mobilization groups of 8.5 + 1.57, was also not 
statistically significantly different (p= 0.762). There were no reported adverse events with early mobilization. 

Conclusion: Early mobilization appears to be a safe intervention in pediatric patients with an acute ankle sprain. 
Early mobilization resulted in similar outcomes when compared to traditional PRICE treatment. A high drop-out rate 
in both treatment groups was a limitation of this randomized trial.

Level of evidence: 1b
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verses the traditional treatment PRICE, as well as use 
a technique that could be replicated at home indepen-
dently in areas where access to physical therapy ser-
vices maybe limited. Therefore, the two objectives of 
this study were: (1) to determine if early ankle joint 
mobilization using elastic band traction is effective 
and (2) assess the occurrence of adverse events with 
this technique in the pediatric population.

METHODS
The design of this study was a single blinded ran-
domized controlled trial using a sample of conve-
nience. Patients presenting to Nationwide Children’s 
Hospital sports medicine or physical therapy clinics 
in Columbus, Ohio with an acute lateral ankle sprain 
were eligible for participation. Patients were diag-
nosed with acute lateral ankle sprains by the sports 
medicine physician. This study was registered at 
ClinicalTrials.gov (Identifier number NCT01134653). 
The institutional review board approved this study 
prior to recruitment and data collection. Inclu-
sion criteria were; patients 8-18 years old, with an 
acute lateral ankle sprain of <3 days. The inclusion 
criteria of duration of ankle sprain was later mod-
ified from 3 days to 7 days due to recruitment dif-
ficulties. Patients were excluded if they had a: latex 
allergy, syndesmotic ankle sprain, concurrent lower 
extremity injury, previous history of lower extrem-
ity surgery or fracture in the past year, inability to 
follow directions, and inability to attend follow-up 
appointments. After the parent or legal guardian 
and patient gave informed consent/assent and prior 
to randomization, the patients were evaluated by a 
physical therapist. Pre-treatment evaluation mea-
sures included clinical and self-report measures. 
These same evaluation measures were completed at 
discharge by a different blinded therapist.

CLINICAL MEASURES

Figure Eight Tape Measurement of Ankle 
Edema-
Ankle and mid-foot edema was measured using the 
figure-of-eight procedure described by Esterson15 and 
modified by Petersen.16 This is performed by using a 
flexible tape measure with the zero point positioned 
in the groove at the edge of the lateral malleolus, 
approximately midway between the prominence of 
the tibialis anterior tendon and lateral malleolus. The 

INTRODUCTION
Ankle sprains are the most common acute injuries 
sustained in sports with approximately two million 
occurring annually in the United States.1,2 Ankle 
sprains account for 40% of all sports related inju-
ries.3 Lateral ankle sprains specifically account 85% 
of all ankle sprains.3,4 Up to a third of lateral ankle 
sprains can become chronic injuries with persis-
tent pain, swelling, and limitation of activity.5 Inju-
ries such as these lead to lost time on the playing 
field and decreased ability to function in school and 
work.1,2 Medical costs associated with ankle sprains 
have been estimated at $3.65 billion.2 Thus, it is 
imperative to try to speed the recovery time associ-
ated with these injuries in order to both decrease 
medical costs and enhance return to function. 

The current standard of treatment for acute ankle 
sprains continues to be defined by the acronym 
PRICE (protection, rest, ice, compression, eleva-
tion).6,7 However, more recent evidence supports 
the supposition that early movement will hasten 
recovery as compared to rest.8,9 Some of the benefits 
of early movement for acute injuries include earlier 
return to work, decreased pain, swelling, and stiff-
ness, and greater preserved joint motion.8 Pain per-
ception has also been shown to decrease 24 hours 
after mobilization for lateral ankle sprains.10 Fur-
thermore, early movement does not increase liga-
ment laxity or prolonged symptoms.8

Manual therapy consisting of a combination of joint 
mobilization and manipulation has been found 
effective for treating acute ankle sprains in adults.11 
Adults with acute first-time ankle sprains treated 
with early mobilization report more comfort and ear-
lier return to work than adults treated with immobi-
lization. 12 Both mobilizations with movement and 
talocrural mobilization safely lead to increased dor-
siflexion motion.13,14 Talocrural mobilizations lead 
to fewer treatments and improved stride speed as 
well.14 Joint mobilization and clinic supervised exer-
cise provides better improvements in pain and func-
tion when compared to a home exercises program.4

Although early joint mobilization is effective in adults, 
studies have not assessed the efficacy or safety of early 
mobilization for pediatric patients (<18 years) with 
lateral ankle sprains. This study examined return to 
sport times for patients who receive early mobilization 
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FADI has a reported minimal detectable change 
(MDC) of 4.8 points.22

Interventions
After the evaluation, the patients were randomly 
assigned to either traditional PRICE treatment or early 
mobilization. The therapist that completed the evalu-
ation then performed the assigned treatment. The 
evaluation measures were performed before group 
assignment to maintain blinding during data collection.

PRICE group
Patients randomized to the PRICE group were 
instructed in ankle compression wrapping if they 
had not already been issued a lace-up ankle brace. 
If issued a lace up ankle brace by their physician, 
the brace provided compression. Patients were 
instructed to wear compression during weight-bear-
ing activity and at least eight hours a day. During the 
first 72 hours these patients were instructed to rest, 
use intermittent ice and compression, as well as 
elevate their sprained ankle at least 12 inches while 
lying in supine. Patients were instructed to remove 
their brace to ice and elevate their ankle for 20 min-
utes, two times a day. 

Early Elastic Band Mobilization Group
For the early elastic band mobilization group, the 
talocrural distraction technique described by Hartz-
ell and Schimell 23 was followed. Two mini Jump 
Stretch® bands (JumpStretch Inc. Stow, Ohio) were 
looped around the patient’s shoe, so that the cen-
ter of distraction pull was directly inferior to the 
talocrural joint. (Figure 1) The therapist used these 
bands to put as much horizontal traction on the 
ankle joint as possible without creating pain. The 
patient then actively dorsiflexed and plantarflexed 
the ankle within pain free ROM for 30 seconds or 
until fatigue with the aim of increasing pain free 
talocrural motion. After a 30 second rest, the patient 
actively inverted and everted their ankle within pain 
free ROM for 30 seconds or until fatigue. The trac-
tion force was then released and the patient actively 
performed 10 clockwise and counter-clockwise cir-
cles. The band traction was then repeated in a verti-
cal traction position, as this position is thought to 
help reduce edema. (Figure 2) After an additional 
30 second rest, a third light Jump Stretch® band was 

tape measure was then drawn medially across the 
instep, pulled toward the base of the fifth metatarsal, 
drawn toward the medial malleolus and across the 
Achilles tendon to the lateral malleolus, and finally 
brought around to meet the original zero. All mea-
surements were rounded up to the next whole mil-
limeter. The amount of edema was reported as the 
difference between the injured and uninjured figure-
of-eight measurements.

Numeric Pain Rating Scale (NPRS)
The NPRS is an 11-point pain-rating scale ranging 
from 0 (no pain) to 10 (worst imaginable pain) used 
to verbally assess current pain intensity as well as 
the best and worst level of pain during the last 24 
hours.17 A score of + 2 represents the minimal clini-
cally important difference.18

Ankle Range of Motion (ROM)
Both active and passive motion of dorsiflexion, plan-
tarflexion, inversion, and eversion was measured 
using a standard 8” goniometer with the patient in 
the supine position.19

Ankle Muscle Strength
Strength was measured using a digital hand-held 
dynamometer for dorsiflexors, plantarflexors, inver-
tors, and evertors. Testing was performed using a 
make-test, with the patient in the long sitting posi-
tion. Repeated strength measurements were per-
formed for three sequential tests, the highest of the 
trials for each motion was recorded. 

SELF-REPORT MEASURES OF FUNCTION

Foot and Ankle Disability Index (FADI) and 
FADI Sport Module- 
The FADI is a 26-item questionnaire that uses a 
5 point scale (“unable to do” through “no difficul-
ties at all”) to rate the extent that the ankle injury 
in impacting everyday life.20,21 Items include a 
variety of activities from standing and sleeping 
through stair climbing and recreational activities. 
The FADI sport modules includes an additional 8 
items related to specific athletic movements such 
as landing and cutting, questions about the tech-
nique and duration of participation. The FADI has 
been shown to have excellent construct validity (r 
= 0.64) and excellent intra-rater reliability.21 The 



The International Journal of Sports Physical Therapy | Volume 13, Number 1 | February 2018 | Page 4

could continue to wear the brace as desired. The 
patients were instructed not to ice or perform com-
pression or elevation in this treatment group.

Standard physical therapy care
A standard treatment program was administered for 
both groups according to prescribed progression cri-
teria (Appendix 1). There were three Phases in the 
standardized treatment program and the patient tran-
sitioned through each Phase based on functional abil-
ity. All patients began with Phase 1 and transitioned to 
Phase 2 once they demonstrated: 1) no gross deviations 
with walking, 2) a report of <5/10 pain with ADL’s on 
the NPRS, and 3) within 5 degrees of ROM to the con-
tralateral ankle for all planes of motion. Patients tran-
sitioned from Phase 2 to Phase 3 once they were able 
to demonstrate: 1) single leg balance on the injured 
lower extremity >30 seconds, 2) up and down 12 stair 
steps using a reciprocal gait pattern without pain, 3) 
able to jog for 2 minutes on the treadmill with <2/10 
pain and 4) no report of instability with gait.

Patients were discharged from physical therapy once 
they completed all 3 Phases of standard therapy and 
were able to meet the following functional criteria: 
1) single leg hop test within 80% of the contralateral 
limb, 2) Ability to single leg balance within 2 seconds 
of uninvolved lower extremity on an inflated rub-
ber hemisphere attached to a rigid platform (BOSU). 
The number of days from initial evaluation until the 
patient met the discharge criteria was recorded for 
the outcome of time in therapy.

placed around the patient’s metatarsal heads with 
the end of the band held by the patient. (Figure 
3) The patient pulled on the band while the thera-
pist provided horizontal traction at the ankle. This 
additional band around the metatarsals allowed the 
patient to add pain-free plantarflexion resistance 
while the therapist provided talocrural distraction.  
The patient then actively dorsiflexed and plan-
tarflexed their ankle for 30 seconds or until fatigue. 
With the bands in the same position this procedure 
was repeated with the patient performing inversion 
and eversion motion. 

If patients receiving elastic band mobilization were 
issued an ankle brace from their physician, they 

Figure 1. Horizontal Elastic Band Traction.

Figure 2. Vertical Elastic Band Traction.

Figure 3. Horizontal Elastic Band Traction with Overpres-
sure Setup.
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of the study was examined with a two-way repeated 
measures multivariate analysis of variance (MANOVA) 
with treatment group as the between-patient variable 
and time (baseline, and discharge) as the within-patient 
variable. The dependent variables were function (FADI 
and FADI sport score) and pain. The relative risk of 
having an adverse reaction from early mobilization 
was calculated to assess the second aim of this study. 
A Chi-square analysis was performed to determine if 
there were any differences between treatment groups 
for adverse reactions. Post-hoc repeated measure uni-
variate analyses were performed to assess the individ-
ual effect of the intervention on FADI, FADI sport, and 
pain. Secondary outcomes including edema, range of 
motion, and strength were assessed using a t-test or 
Wilcoxon rank sums test depending on the nature of 
the data distribution.

RESULTS
Eligible participants were recruited from March 2010 
to February 2014. Study staff screened 1,970 con-
secutive patients who presented to the sports medi-
cine physicians or physical therapists with an ankle 
sprain for inclusion. Forty-one patients (aged 10-18 
years) were enrolled after receiving written consent 
from the patients and their parent or legal guardian 
(Figure 4). All patients received the appropriate ran-
domized treatment intervention (early elastic band 
mobilization or PRICE).

Baseline variables were similar between treatment 
groups. (Table 1) Eleven patients dropped out of 
physical therapy before discharge (eight in the 
early elastic band mobilization group and three in 
the PRICE group). All patients reported non-study 
related reasons for not continuing with physical 
therapy treatment (time and financial constraints). 
A grade II lateral ankle sprain was the most com-
mon referring diagnosis for patients participating in 
this study (71%), with grade I lateral ankle sprains 
accounting for 24% and Grade III 5% of injuries. 
There were no significant differences in grade of 
sprain between treatment groups (p= 0.89). 

Patients in both groups were treated for an aver-
age of 7.7 ± 3.8 visits over the course of 25 days to 
meet all predetermined discharge criteria. (Table 2) 
Between-group comparisons revealed no significant 
differences in the number of visits or duration of 

BLINDING AND RANDOMIZATION
The evaluating therapist was aware of treatment allo-
cation, whereas the exercise therapist and discharge 
therapist were blinded to treatment group alloca-
tion. Due to the nature of the intervention, blind-
ing patients to treatment allocation was not feasible. 
Randomization was determined by sealed envelopes 
which were opened by the evaluating therapist after 
the patient agreed to participate and evaluation 
measures had been completed. An individual not 
involved in the study filled 50 blank envelopes with 
a paper designating either Jump stretch or PRICE.     
The envelopes were shuffled and given a numeric 
number from 1-50.  When patients were enrolled the 
next numeric envelope was opened and the patient 
received the treatment described on the paper.  

SAFETY
To address the issue of safety, patients who experi-
enced a clinically significant increase in pain (MCID 
of two points), which did not affect their ability to per-
form activity, during or after the elastic band traction 
were classified as having had a mild adverse reaction. 
Following the treatment, if patients reported or were 
observed to have a decrease in their ability to perform 
activity they were classified as having had a moderate 
adverse event. Patients were instructed that if they 
experienced pain or reduced function following the 
intervention to notify study staff. Patients who had an 
adverse reaction were re-evaluated by their therapist. 
The patient would be referred back to their physi-
cian if they demonstrated a significant injury or were 
deemed inappropriate to continue physical therapy.

SAMPLE SIZE 
The calculations were based on detecting an 4.6% 
difference in the FADI index at the 4-week follow-up, 
assuming a standard deviation of 5.1, a 2-tailed test, 
and an alpha level equal to 0.05 and 80% power.22,24 
This generated a sample size of 18 patients per 
group. Allowing for a conservative dropout rate of 
approximately 15%, we recruited 41 patients into 
the study.

DATA ANALYSIS
All analyses were conducted using SPSS 21 software. 
An intent-to-treat design with the multiple imputation 
model was used for any missing values. The first aim 
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(p= 0.77). Dynamometer strength testing of the injured 
ankle showed significant weakness, <90% of com-
pared to uninvolved limb, in all major motions (Table 
3). Both groups demonstrated significant increases in 
strength at discharge (p < 0.01) but there were not sig-
nificant differences between treatment groups. 

care. Both groups had significant decreases in edema 
at discharge (p < 0.01). Early elastic band mobili-
zation group had a mean of 0 ± 0.6 cm of edema 
and PRICE had a mean of 0.1 ± 0.4 cm of edema 
compared to the non-injured ankle. There were no 
significant differences between treatment groups 

All Patients
(n = 41)

Elastic Band Traction
(n = 22)

PRICE
(n = 19)

Age (years) 14.5 ± 1.8 14.9 ± 1.8 14.2 ± 2.0
Sex (% female) 19 (46%) 12 (55%) 7 (37%)
Days since injury 4.7 ± 1.8 4.4 ± 1.9 5.2 ± 1.5
Pain (NPRS) 4.9 ± 2.4 5.1 ± 2.7 4.7 ± 2.2
FADI 64.9 ± 22.8 66.1 ± 25.5 63.4 ± 20.1
FADI Sport 8.6 ± 10.1 9.3 ± 10.6 7.8 ± 9.8
Edema- Figure of eight (cm) 1.7 ± 1.2 1.9 ± 1.3 1.4 ± 1.1
PRICE = Protection, Rest, Ice, Compression and Elevation; FADI = Foot and Ankle Disability Index 

Table 1. Baseline Demographic and Self-Reported Values. Data reported as 
mean (SD) or numbers (%).

Assessed for eligibility (n=1,970)

Excluded  (n=1,929) 
- Not meeting inclusion criteria (n=1,923) 
- Declined to participate (n=6) 

Randomized (n=41) 

Elastic Band Traction 
(n = 22) 

PRICE
(n = 19) 

Discharge
-Completed therapy (n=15) 
-Lost to follow-up (n=7) 

Discharge
-Completed therapy (n=16) 
-Lost to follow-up (n=3) 

Analyzed (n=22) Analyzed (n=19) 

Figure 4. Flow diagram for patient recruitment and randomization.

All Patients
(n = 41)

Early Elastic 
Band Mobilization 

(n = 22)

PRICE
(n = 19)

p- value

Treatment Sessions 7.7 ± 3.9 8.0 ± 4.6 7.3 ± 2.9 0.61

Total Days of Care 25.3 ± 12.3 25.2 ± 14.9 25.5 ± 9.0 0.95

Table 2. Pairwise comparison of treatment session and duration of care.
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to concern of growth plate injury there have been 
no documented cases of a growth plate injury as a 
result joint mobilization. Additionally, the forces 
imparted from mobilization are significantly lower 
than those that children experience during com-
monly performed activities.25-27 The results of this 
study offer preliminary evidence that early ankle 
joint mobilization is safe in this population. This 
finding is consistent with other research assessing 
joint mobilizations to the lumbar spine in pediatric 
patients.28,29

Many studies performed on adults have focused on 
short-term results of manual therapy with follow-
up times from immediate to one-week.10,14,30,31 The 
authors chose to look at longer term outcomes, 
including time to recovery, and change in the func-
tion and pain at discharge from supervised therapy. 
Cleland et al.4 assessed the long-term outcomes 
(four-week and six-month) of joint mobilizations 
compared to a supervised home exercise program 
for acute lateral ankle sprains. Although signifi-
cantly better outcomes were found with joint mobi-
lization, Cleland’s study assessed joint mobilization 
and supervised exercise compared to a supervised 
home exercise program. Due to their study design, it 

The two-way treatment group x time interaction 
repeated measures MANOVA demonstrated no sta-
tistically significant between-group differences 
for function and pain (p= 0.79). Within-group dif-
ferences showed that both groups had statistically 
and clinically significant improvement at discharge. 
Repeated measures univariate ANOVA demon-
strated no differences between treatment groups 
for function or pain (Table 4). No patient in either 
group reported an adverse reaction with treatment. 
Relative risk and chi-square analyses were not per-
formed since no adverse reactions were noted.

DISCUSSION
Joint mobilization has been shown to be effective 
for improving function and increasing motion in 
adults and older adolescents with ankle injuries. 
This study assessed the safety and efficacy of early 
manual joint mobilization after an acute inversion 
ankle sprain in pediatric patients as young as 10 
years of age with a mean age significantly younger 
than subjects of any other study. No adverse events 
were noted with the use of elastic band ankle trac-
tion mobilization in this study. Although some 
authors have voiced concern over performing joint 
mobilization techniques in pediatric patients due 

All Patients
(n = 41)

Elastic Band Traction
(n = 22)

PRICE
(n = 19)

Baseline Discharge Baseline Discharge Baseline Discharge

Dorsiflexion 7.7 ± 4.3 15.8 ± 4.9 7.6 ± 4.3 16.0 ± 4.5 7.8 ± 4.4 15.5 ± 5.4

Plantarflexion 15.5 ± 7.0 27.4 ± 6.7 16.6 ± 6.9 28.7 ± 5.7 14.2 ± 7.0 26.2 ± 7.5

Inversion 5.0 ± 2.5 9.9 ± 3.5 5.0 ± 2.7 11.2 ± 3.1 5.1 ± 2.4 8.6 ± 3.5

Eversion 4.3 ± 2.6 9.4 ± 2.6 4.4 ± 2.7 10.5 ± 2.1 4.3 ± 2.6 8.4 ± 2.6

Table 3. Ankle strength, measured using handheld dynamometer (kg).

Baseline Discharge P value Mean Difference
(95% CI)

FADI PRICE 63.4 ± 20.1 101.6 ± 2.8 0.49 3.0 (-5.9, 12.0)
Elastic Band 

Traction
66.1 ± 25.5 102.1 ± 2.7

FADI Sport PRICE 7.8 ± 9.8 29.1 ± 3.1 0.09 3.2 (-0.5, 7.0)
Elastic Band 

Traction
9.3 ± 10.6 30.6 ± 2.0

Pain (NPRS) PRICE 4.7 ± 2.2 0.1 ± 0.3 0.98 -0.01 (-1.0, 1.0)
Elastic Band 

Traction
5.1 ± 2.7 0.1 ± 0.3

Table 4. Pairwise comparison of Function and Pain.
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time to early joint mobilization was delayed. This 
delay in application of the joint mobilization may 
have altered its effectiveness for improving patient 
outcomes. Additionally, this study only assessed one 
distraction joint mobilization technique to the ankle, 
whereas positive responses in adults resulted from 
multiple joint mobilizations to both the ankle and 
knee.4 A more expansive joint mobilization approach 
may have produced different results.

CONCLUSIONS
Early mobilization appears to be a safe intervention 
in pediatric patients who have sustained an acute 
ankle sprain. Early mobilization resulted in similar 
outcomes in pain, range of motion, and self-reported 
function when compared to traditional PRICE treat-
ment. A high drop-out rate in both treatment groups 
was a limitation of this randomized trial.
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